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Abstract 
A method for co-amplification of multiple viral sequences of HIV-I and HIV-2 by polymerase 
chain reaction was designed. The technique resulted in the specific detection of each type of 
virus and allowed the amplification of as few as two copies of target DNA. The amplification 
of multiple regions of the viral genome offers the advantage of detecting multiple target 
sequences, which may be essential for some viruses, such as HIV, that exhibit a high degree of 
variability in their gene sequences. In addition, the method permitted the detection of both 
virus types in the same reaction, allowing for greater utility in geographic areas where 
coinfections with both viruses occur and cross-reactivity in Western blots is observed. This 
method was applied successfully to the detection of viral DNA in clinical specimens. 
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1. Introduction 
The polymerase chain reaction (PCR) is a sensitive technique for the detection of 
nucleic acid. In AIDS, it has been used in the early detection of HIV infection, i.e. 
prior to antibody detection, for quantitation of viral load in the active disease stage. 
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for monitoring patients on antiviral therapy and for the discrimination of HIV-l 
and HIV-2 infections in clinical specimens. Due to the considerable variability of 
HIV-I (Golldsmit et al., 1991) and HIV-2 strains (Schulz et al., 1990) ~irnpli~~~tiol~ 
of different regions of the gename with different sets of primers may hc necessary for 
detection of the presence of viral DNA (Laure et al., 1988; Ou et al., 1988). Thcsc 
amplifications have conventionally been carried out ;IS indcpcndent reactions. We 
have developed ;1 method to amplify and detect three different genomc regions of 
HIV-I or HIV-2 in a single reaction. The method, termed multiplex PCR, is specific 
for each type of virus anal detects as few as two or three copies of proviral DNA. 
Multiplex PCR also allows the detection of both viruses in ;1 single reaction. In :1 
study of limited numbers of clinical samples, this technique allowed sensitive and 
specific detection of HIV-1 and HIV-2 in samples from infcoted individuals. 
2. Materials and methods 
Blood specimens were collected from nine HIV-I infected and five HIV-Z! infected 
individuals living in Spain. DNA was extracted by the proteinase K/phenol extrac- 
tion method and PCR was carried out in the presence of 1 pg of DNA. 
Table 1: Primers and Probes Used in multiplex PCR. 
- 
S-No. - Region OIlgo’ Sfze (bp) LocatIon” Sequence (5’ mm>3’)“’ 
HIV-1 env SR61 22 
SR62 23 
SR63 24 
7737-7750 CCA CCA AGG CAA AGA GAA GAGT 
8043-8065 c~c AG(CT) AGT GGT GCA AAT GAG rr 
7011-7834 GGA GCA GCA GGA AGC ACT ATG GGC 






7868-7891 CCT WA GGC AAG AGT CAC TGC TAT 
7952-7975 AAC CAT GGT ACA GTA GTG TGG CAG 
7921.7Q47 TAA ATT CAT GGG GAT GTG CGT TTA GAC 
HIV-1 gag SR7i 22 766-787 GCG GAG GCT AGA AGG AGA GAGA 
SR72 22 844-865 TCT TTC CCC CTG GCC TTA ACCG 
SFi73 22 789-809 GGG TGC GAG AGC GTC AGT ATTA 
HIV-2 gag SR74 21 541-561 GGG AGA TGG GCG CGA GAA ACT 
SR75 25 908-932 GCT AGG TGG TGC TGT TGG TCT AC’T-I 
SR76 25 782-806 TAA TAC TGT CTG CGT CAT TTG GTGC 
HIV-1 poi SR81 27 477811804 GGC AGT ATT CAT CCA CAA TIT TAA AAG 
SR02 24 4969-4992 CTACTGCCCCTTCACCTTTCCAGA 
SR83 25 4820-4844 GGG GTA GAG TGC AGG GGA AAG AATA 




4589-46 I 4 
47964821 
ATA GCA GTT CAT TGC ATG AAT I-IT PA 
GTC CCT ACC ITG ACT ATG ACT GCT CC 
SR86 26 4728-4753 AGG TCT ATT (TA)CA GAG AAG GCA GAG AT ---- 
Table 2: Lengths of the Amplified Fragments (bp) 
SNo. Region HIV - 1 
1 gag 100 
2 PO1 215 





Primer sequences were selected from highly conserved nucleotide regions among 
different strains of HIV-I or HIV-2 (Myers et al.. 1992). Design of the primers was 
performed with the help of the software Oligo (National Biosciences. Plymouth, 
MN). Special attention was paid to minimize the number of sequence mismatches 
among different strains of each virus (Grankvist et al., 1991a). To facilitate multi- 
plex amplification, primers were designed so as to avoid complementary sequences 
and strong internal secondary structures. Selected primers and probes corresponding 
to the GAG. POL and ENV regions of HIV-1 and HIV-2 are shown in Table 1. 
Amplified fragments were designed to be different in size in order to facilitate their 
differentiation in a single reaction (Table 2). 
PCR amplification was performed followin g the Hot Start technique using Am- 
pliwax PCR Gems (Perkin-Elmer C&us. Norwalk, CN). To reduce the risk of con- 
tamination from previously amplified material, the Uracil N-glycosylase (UNG) 
method sustituting dTTP with dUTP (Perkin-Elmer Cetus) was incorporated into 
the system. Each reaction mixture consisted of I /lg of DNA, 10 mM Tris-hydro- 
chloric acid (pH 8.3). 50 mM potassium chloride, 0.2 mM each deoxynucleotide 
triphosphate (dATP, dCTP, dGTP, dUTP), 1.5 mM magnesium chloride, 0.25 PM 
of each primer, 2.5 units of Amplitaq polymerase (Perkin-Elmer Cetus) and 1 unit of 
UNG (Gibco, Grand Island, NY). Thermocycling was carried out for IO min at 
37 ‘C for 1 cycle, 4 min at 94’C for I cycle. linked to 33335 cycles at 94 C for 1 
min, 55-C for 1 min, 72’C for 1 min. After the last cycle. reactions were either 
frozen immediately at -20°C or linked to a soak file at 72’C until a few drops of 
chloroform were added to inactivate UNG. 
Depending on the number of primer pairs used for amplification, the PCR 
product should contain one, two or three amplified fragments. Amplified frag- 
ments were detected following the liquid hybridization method (Ehrlich et al., 
1990) in a llybridizat~~~n reaction containing one, two or three probes. Oligonu- 
clcotides selected as probes were “P end-l~~belled as described elsewhere (Sam- 
brook et al., 1989), being two or three o~ig~?n~lci~(~tides labelled in the same reac- 
w9 PO1 e”” multiplex 
mm-& 
loo 10 3 2 1 loo 10 3 2 1 loo 10 3 2 1 loo 10 3 2 1 
- 329 bP 
- 215 bP 
~ 100 bP 
Fig. I, S~nglc and multiplex PCR sensitivity for HIV-l amplification. The numbers on top ~nd~catc the 
copy number of 26 plasmid. Genomlc position and sire of the amplified fragments arc also lndicatcd 
tion. After the labelling reaction, probes were purified of free isotope using spin 
columns (5’ to 3’, Boulder. CO). Radioactive counts were determined using a beta- 
counter. The final amount of each probe in the hybridization reaction was equiva- 
lent to 200 000 cpm. 
3. Results 
The sensitivity of the reaction was measured by serial dilution of the HIV-I 
genome carrying 26 plasmid (Perkin Elmer Cetus, Norwalk) in the background of 
I pg of H9 DNA. As few as two or three copies of the plasmid could be detected 
when primers corresponding to the GAG, POL and ENV regions were used indivi- 
dually or in combination (Fig. I). A similar degree of sensitivity was observed when 
HIV-2 primers were used individually or in combination for the amplification of the 
plasmid pRod IO containing the HIV-2 ROD genome (Fig. 2). Although less intense 
signals were observed when the simultaneous amplification of three genome regions 
was compared with the single region amplification. the sensitivity of the reaction in 
terms of copy number was the same. Analogous results were obtained when DNA 
extracted from H9 cells infected with either HIV-I (Illb) or HIV-2 (ROD) was 
serially diluted and amplified by PCR (not shown). 
Although primers were selected from highly specific regions of HIV-I and HIV-?. 
we further investigated the specificity by amplification of different strains of each 
virus. When DNA extracted from the IIIB, MN and 26 strains of HIV-I was am- 
plified by multiplex PCR using HIV-I primers, all three strains wcrc detected. Simi- 
larly. multiplex PCR with HIV-2 primers detected the Rod, CAM and MS strains. In 
41 
PO1 0”” multiplex 
A-----,. 
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FIB, 2. Single and multiplex PCR sensitivity Ibr HIV-2 amplification. The numbers on top indicate the 
copy number of pRodI plasmid. Genomic position and File of the amplified fragments arc also indi- 
cated. 
contrast, HIV-I multiplex PCR failed in the amplification of HIV-2, and HIV-2 
multiplex PCR did not detect HIV-l DNA (not shown). 
HIV-1 HIV-2 HIV-1 Et 2 
--I--CC--\ 
SS H9 100 20 10 5 1 100 20 10 5 1 100 20 10 5 1 





Fig. 3. Coamplification of the ENV or GAG regions of both HIV-l and HIV-Z. Primer pairs correspond- 
ing to the ENV region (upper half) or the GAG region (lower half) of HIV-I and HIV-2 were used to 
amplify DNA of one or two of the viruses. The numbers on top indicate the copy number of 7.6 and 
pRod 10 plasmid DNA. 
Multiplex PCR was performed at different concentrations of Mg‘ ’ . While PaI_ 
and ENV HIV-1 primers appeared to perform marginally better at higher COIICCII- 
trations of Mg” ’ when compared with the GAG primers, the standard concentra- 
tion of 1.5 mM showed comparable results with all three primer pairs together. 
Similarly HIV-2 primers performed ~)pt~rn~lly at 1 .S mM (not shown~. 
We further investigated the p~~tenti~l of multiplex PCR by ~tt~rnl~tin~ to amplify 
in a single reaction both HIV-I and HIV-2. ‘~~~~pliI~e~~tion in a reaction tnixture 
containing a 0.25 /IM concentration of each ENV or GAG primers for both viruscs 
was carried out under the same conditions indicated above. The different sizes of the 
amplified products in HIV-I and HIV-? enabled us to detect both viruses in the 
same PCR reaction. Between I and S copies of viral DNA for each virus could he 
routinely detected when the GAG or the ENV primers were used (Fig. ?f. 
The multiplex PCR technique was used to evaluate DNA extracted kom nine 
HIV-l and five HIV-2 infected individuals. Multiplex PC‘R for HIV-I detected ail 
HIV-l samples and did not give any signal in the HIV-2 samples (Fig. 4). Multiplex 
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Fig. 5. Evaluation of clinical specimens by HIV-2 multiplex PCR. Lanes I 14 are the same as in Fig. 4. 
PCR for HIV-2 identified four out of five HIV-2 infected samples and did not detect 
any of the HIV-l samples (Fig. 5). 
While ENV, GAG and POL regions were detected with equal efficiency when 
multiplex PCR was used in the detection of HIV-l DNA in infected cell lines, our 
preliminary analysis of clinical samples revealed that amplification occurred only 
with the GAG primers and after 35 cycles of amplification (not shown). We then 
modified several parameters to standarize the multiplex PCR for detection of HIV-l 
in clinical specimens. A twofold increase in the concentration of POL and ENV 
primers (0.5 ,uM final concentration for POL and ENV. and 0.25 FM for GAG) 
and using 5 units of Tuq enzyme per reaction enabled us to detect all three bands 
in most of the samples after amplification for 35 cycles. 
4. Discussion 
The remarkable genetic variability of HIV-1 (Goudsmit et al., 1991) and espe- 
cially HIV-2 isolates (Schulz et al., 1990) contributes significantly to problems in 
the detection of these viruses by PCR. Amplification of several regions of the viral 
genome using different primer pairs is one of the approaches to overcome the pro- 
blem (Laure et al., 1988; Ou et al., 1988). Amplification of different regions has been 
performed conventionally in individual reactions. This approach is time consuming 
and is not feasible when the size of the clinical samples is limited (Hewlett et al., 
1989). We, therefore, developed a multiplex PCR technique in which three different 
genomic regions of HIV-l or HIV-2 are amplified in the same reaction and detected 
after a single liquid hybridization reaction with radioactive probes corresponding to 
each one of the amplified regions. The technique is both spccitic and sensitive. Each 
primer pair identified the correct virus type for three prototypic strains of that type 
and none of the other virus types. Multiplex PCR produced all three expected frag- 
ments with each one of the target strains. 
Sensitivity of these reactions was consistent for detection of one to ten copies of 
the target. It is important to note that there was no compromise in assay sensitivity 
as :I result of amplification of multiple regions in the same reaction mixture. 
In earlier cxpcriments we observed that although each primer pair amplified the 
targeted sequence when used individually. a combination of all three primer pairs 
did not yield any signal in multiplex PCRs. probably as a result of prima-dimer 
formation (data not shown). It has been reported that primer sets containing ;I high 
degree of complementarity are subject to primer-dimcr formation at room tempcra- 
turc and can be elongated by Tuy enzyme, generating undesired PCR products 
(Williams ct al., 1989). Technically it is not always feasible to avoid complementar- 
ity when several primers are used in the same reaction mixture. WC addressed this bq. 
incorporating the hot-start technique in the multiplex format ( D’Aquila et a.. I99 I ). 
The number of amplification cycles is also an important factor to consider in multi- 
plcx PCR. Thermocycling for 33 35 cycles allowed LIS to detect two or three cop& 
of HIV-I and HIV-2 target DNA. Reduction in cycle number often rcsultcd in the 
loss of sensitivity. Amplification for 35 cycles occasionally gcnmttcd additional 
bands in standard and multiplex PCRs (Fig. 2): howevcr. the presence of these 
additional band5 did not impede the detection of the principal bands as the lattcr- 
ones are more conspicuous and easy to identify. We performod liquid hybridkttion 
to enhance the efficiency of testing in terms of time and the number of‘ samples that 
can bc analyzed in a given experiment. If pro\,iral detection is the key issue ofmulti- 
plex PCR. it may be more appropriate LO perform 35 amplification cycles in order I(, 
assure detection of samples with a lo\\ copy number. 
One of the most important problems in rhc dctcction of target DNA by PCR i\ 
the rate of false positivity due to sample contaminati~~~i with smplificd L>NA from 
previous PC’R reactions (Clewley et al., IYXY). To reduce the risk of cont~~min~ilion. 
\vt’ incorporated the Liracyl .Y-glycos~lase ewytne (Longo et al.. IYYO) and sub>tl- 
tutcd didcoxynucleolide thymidine pvith uracil in our multiplex PC‘R mixt~11-c. A 
final concentration of 200 /IM for each dh’TP (dA. dll. dC‘. d<;) yielded the best 
results (not sho\hn). 
In addition to the multiplex PCK described. it I:, Important to point out that LLC 
have dcwloped ;I sensitive and highly specific set of primers for HIV-2 dctcction. 
The low sensitivity of HIV-2 PCR has been improved by tcchniquea such as ne\tcd 
PCR (Grankcist et al.. IWI b) or sometimes probing with a radioactive probe aI‘ter 
carrying out nested PCR (George et al., lYY2). Although nested PC‘R yield\ ;I high 
sensitivity for HIV-2, it is not compatible with the incorporation 01‘ the liracyl .V- 
glycos~lasc system for degradation of possible contaminating DNA from pi-cvious 
amplifications. If PCR is to be uxed in a diagnostic setting. measures for ~-educing 
the risk of‘containination. resulting in false positive reactions. are critial and extrc- 
mcly important for proper interpretation of results. 
WC tested the ahilit) of multiplex PCR to detect HIV-l and HIV-3 in clinical 
samples. All samples from HIV-1 seropositive individuals were detected by multi- 
plex PCR (Fig. 4). Interestingly, while GAG and POL regions were detected in all 
samples, the ENV region was not amplified in some of them. Despite the fact that 
sample number was small in our study, the absence of ENV signal in some of the 
samples may reflect the variability of this genomic region. Multiplex PCR for HIV-2 
detected four out of five samples from HIV-2 scropositive individuals (Fig. 5). One 
sample yielded a signal in all three gcnornic regions, two samples showed ampli~c~l- 
tion of POL and ENV but not GAG region. and one sample only gave a signal in 
the ENV region. Evaluation of clinical specimens by multiplex PCR revealed a 
broader spectrum of band pattern for HIV-2. in agreement with the higher variabil- 
ity of the HIV-2 strains. The fact that one of the HIV-2 seropositive individuals was 
not detected by PCR suggests reduced sensitivity of HIV-2 PCR compared with 
serology. The lower sensitivity of HIV-2 PCR has been attributed to the presence 
of fewer infected cells or low copy number in HIV-2 versus HIV-1 seropositive 
individuals (Grankvist et al., 1992b). Improved sensitivity of HIV-2 PCR may be 
achieved with an increase of the anlount of DNA in the ~~rnpli~catioll reaction as 
demonstrated for HIV-1 (Lee et al., 1991). It is interesting to note that the unde- 
tected HIV-2 sample in our study was derived from an individual with relatively 
higher CD4 cell counts (826//41). Our limited study in clinical specimens seems to 
indicate that GAG and ENV primers for HIV-1 and HIV-2 respectively. amplify 
the target DNA with greater efficiency than other sequences in the multiplex reac- 
tion: however, the additional set of primers were included to ensure reactivity in the 
face of false negatives, due to variation in the other genomic regions. 
The multiplex PCR method also enabled us to detect in the same reaction both 
HIV-1 and HIV-2 proviruses with high specificity and sensitivity. This may be useful 
for the detection of coinfections or single virus infections in geographic areas where 
both HIV-l and HIV-2 coexist (De Cock et al., 1991; PfutTner et al., 1992). It would 
also facilitate the differentiation between dual and single infections when cross-re- 
activity is observed in Western blots (Leonard et al., 1993) and resolve indeterminate 
blot patterns seen in HIV testing. Analysis of DNA from individuals with serologi- 
cal reactivity to both HIV-I and HIV-2 are in progress, in order to further evaluate 
the utility of our multiplex amplification technique. 
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